the uterine horn, and the position of implantation within the uterine horn. Birth weight and foetal and placental weight at 17\ m=1/ 2\ days' gestation were all inversely related to the number of young in the litter. The effect on placental growth was systemic, i.e. it was not affected by the distribution of implantations between uterine horns. There was a suggestion of a systemic effect on foetal growth, in addition to a significant local effect exerted by the other implantations in the same horn. When allowance was made for the number in the litter, those litters distinguished by higher mean placental weight did not necessarily have large foetuses. But within a female, the horn containing the heavier placentae on average had heavier foetuses too, allowance again being made for the number of implantations. Within the uterine horn also, foetal and placental weight showed a positive association. Since there was no genetic heterogeneity among litter-mates, this association suggests a causal dependence of foetal growth on placental size.
The mean weight offoetuses and placentae decreased from the ovarian towards the cervical end of the uterine horn. This effect was most marked for placentae. Foetal growth was not affected directly by position in the uterine horn, but reflected the gradient in placental growth. It is argued that haemodynamic factors are responsible (i) for the effect of position in the horn on placental growth, and hence on foetal growth, and (ii) for the systemic effect of number in the litter on foetal and placental growth. But Brumby, 1960 Grüneberg, 1952) .
. Environmental (position in the uterine horn).* From the point of view of growth, the most important element in the environ¬ ment of a foetus is presumably its placenta. Once established, the chorioallantoic placenta is responsible in mice for the entire transfer of nutrients from the mother to the foetus. Whether the size of the placenta affects foetal growth has not been clearly established in any species (for references, see McCance, 1962) ; but to the extent that it does, we need to shift our attention away from the regulation of foetal growth, and focus it instead upon placental growth. All the possible causes of variation listed above may affect placental growth as well as foetal growth, with the additional complication that genetically, the placenta is of dual origin, part foetal and part maternal. McLaren & Michie (1959a) reported that position of implantation within the uterine horn influenced foetal weight; Healy, McLaren & Michie (1960) found that foetal weight was affected by the presence of other foetuses, especially if these were in the same, rather than in the opposite, uterine horn. Foetuses (1960) showed that implantations which fail early have no effect on the growth of the survivors, while in the present study middle and late deaths are so rare that they may be ignored. In the data (omitting the two anomalous Fi hybrid litters) are grouped according to the number of foetuses in the litter, and Table 4 gives the corresponding analysis of variance. Hashima (1956) reported that the foetus at the extreme ovarian end of the uterine horn weighed less on average than its neighbour. Healy et al. (1960) found that this restriction of growth of the ovarian foetus was only significant in the more crowded uterine horns (8 to 13 foetuses). In the present material, only two horns contained seven foetuses; none contained more. It is, therefore, not surprising that, in the thirty-five inbred and forty-one Fi horns containing three or more foetuses, in which both the ovarian foetus and its neighbour were alive at 17J days, no tendency was found for the ovarian foetus or its placenta to weigh less than its neighbour. Horns containing five or six foetuses showed no more sign of any such effect than those containing three or four foetuses.
To gain an impression of the way in which foetal and placental weights are distributed down the length of the uterine horn, each horn may be arbitrarily divided into six equal segments (I to VI), and weighted means calculated for each segment separately. For horns containing three foetuses, the mean value for the first foetus or placenta will contribute half its weight (in the statistical sense) to segment I and half to segment II; the second foetus or placenta will in the same way contribute to segments III and IV, and the third to segments V and VI. Similarly, for horns containing five foetuses, the mean value for the first will contribute 5/6 of its statistical weight to segment I and 1/6 to segment II, the second will contribute 2/3 to segment II To assess the significance of the effect of position in the horn, linear regressions of foetal and placental weight on position in the horn have been calculated. For this purpose the arbitrary division of the horn into six segments has been abandoned; instead, a horn containing foetuses has been regarded as con¬ sisting of segments, and each foetus has been located at the mid-point of the appropriate segment. Thus, if the horn is taken to be of unit length, two foetuses would be assigned positions 0-25 and 0-75 of the distance along the horn; five foetuses would be assigned positions 0-9, 0-7, 0-5, 0-3 and were observed. Table 9 shows that, in every instance, the regression of foetal or placental weight on position in the horn was positive : that is, the nearer to the cervical end of the horn a foetus or placenta was situated, the more in general it weighed. The effect was more marked in the right horn than in the left. For placentae in inbred females, the regression was not statistically significant. Yet at 17\ days' gestation, scarcely more than 24 hr earlier, the difference in weight between inbred and Fi was for this strain combination negligible. The final 24 hr of pregnancy is a period of intensive growth, during which the foetus increases in weight by more than 50% (compare the foetal weights in Table 8 with the birth weights given on p. 82) ; and it is chiefly in this period that the greater growth potential of the Fi young is realized. At the start of a phase of rapid foetal growth, small differences in developmental age will lead to large differences in foetal weight: the greater variation among females in foetal than in placental mean weight (p. 87) is therefore to be expected, since the phase of rapid placental growth occurs several days earlier. (Healy et al., 1960) ; and in addition there are several aspects of the pattern of foetal growth which cannot be accounted for on any theory based on competi¬ tion for a limited pool of nutrients (McLaren & Michie, 1960b) .
More consistent with the experimental evidence is the haemodynamic theory of foetal growth. and Eckstein, McKeown & Record (1955) made an extensive study of foetal and placental growth in guinea-pigs, and found that in large litters the effect which litter-mates exerted on growth was greater if they were in the same than if they were in the opposite uterine horn. This local effect, to use the terminology introduced earlier, could, they suggested, be due to limitation of the blood supply to the uterus. Healy et al. (1960) and McLaren & Michie (1960b) extended the haemodynamic theory on the basis of their observations on mice. These included (a) the existence of local as well as systemic effects on foetal growth, (b) the influence which foetuses dying in mid-pregnancy exerted on the growth of the survivors, (c) the effect of position in the uterine horn, and (d) the stunting of foetal growth associated with placental fusion. In particular, they postulated that the quantity of nutrients available for foetal growth depends both on the pressure at which maternal blood reaches the placenta, and also on placental size, and that placental size is in turn dependent on blood pressure.
Because of the low resistance which the capillary network of the placenta provides, maternal blood pressure will tend to be low when the number of placentae is high, unless the increase in total blood volume during pregnancy is adequately geared to the number of young in the litter. Rodbard & Katz (1944) Rosahn & Greene (1936) in rabbits.
Placental weight, in the present study as well as in the earlier reports of Rosahn & Greene (1936) and Waldorf et al. (1957) , showed the same relation as foetal weight to position in the uterine horn. The present data also confirm the finding of Waldorf íí al. (1957) that the decline in foetal weight is not an independent effect, but is associated with the decline in placental weight. So if a haemodynamic interpretation is to be sought, one must postulate that the variation in blood pressure down the length of the horn does not affect foetal growth directly, but does affect placental growth, and that the size which the placenta attains is a determining factor in the growth of the foetus.
Local and systemic effects
If the effect of position in the horn on placental growth is attributed to haemodynamic factors (i.e. to a gradient of blood pressure along the horn), it follows that the placenta is a sensitive indicator of blood pressure levels, more sensitive perhaps than the foetus (which shows no independent effect of position in the horn). Yet in neither inbred mice nor in Fi hybrids (Table 6) McCarthy (1963) , there is a large and highly significant systemic effect of numbers on placental growth. This suggests (i) that the more young a pregnant female is carrying, the lower is the pressure at which maternal blood is supplied to each placenta, and (ii) that this pressure is independent of the distribution of implantations between uterine horns, presumably because the rate of blood flow through each uterine artery varies with the number of placentae in the corresponding horn. If the blood flow were divided equally between the two uterine arteries, the pressure at which maternal blood reached each implanta¬ tion site would be inversely proportional to the number of placentae in the horn, and a negative local effect would be observed.
The small positive local effect of numbers on placental growth is not signifi¬ cantly different from zero either in the present study or in that of McCarthy (1963) (Hammond, 1935; Rosahn & Greene, 1936) , guineapigs , pigs (Waldorf et al., 1957) and man (Adair & Thelander, 1925) . Such a relation is confirmed in the present work. Within a uterine horn, the heavier foetuses were associated with the heavier placentae. Placental growth varied along the length of the uterine horn, and this variation was reflected in foetal growth; and even allowing for position in the horn, there was a further, independent association of foetal size with placental size. Com¬ paring the two horns of the uterus, the horn with the heavier placentae also tended to contain the heavier foetuses, even when due allowance for the number of implantations in each had been made. Unexpectedly, no association between foetal and placental size was observed when different females were compared. However, this could well have been due to small differences in stage of development among the different pregnancies: since between 17 and 18 days' gestation, while the foetus is increasing very rapidly in size, the placenta tends to lose weight (McLaren, unpublished; a decrease in placental weight towards the end of pregnancy has also been reported by Flexner & Pohl (1941) in the rat). Hence the physiologically more advanced pregnancies would tend to have larger foetuses and smaller placentae, and a positive association between foetal and placental growth might be obscured.
Foetal growth and placental growth do not always go hand in hand. For instance, Sugiyama (1961) observed that placental weight may increase with parity while foetal weight remains constant. In such cases it may be that the increase in weight of the placenta is not accompanied by any corresponding increase in its capacity to transfer nutrients to the foetus.
Conversely, a positive association does not necessarily indicate a direct causal relationship. One possible basis for a positive correlation between foetal and placental weight in outbred material might be genetic variation in growth rate among conceptuses. A genetic constitution which favoured rapid growth in the foetus might well do so in the foetal part of the placenta also (such a situation is exemplified by our earlier comparison between inbred and hybrid conceptuses). As Barcroft (1946) has argued, the fact that the size of the foetus is often proportional to the extent of its membranes 'does not necessarily mean that the size of the foetus is conditioned by the extent of its membranes or of any part of them. If the membranes be regarded as part of the foetus, there is every likelihood that the size of the foetus and the extent of the membrane would usually go hand in hand'.
In the present study, use of inbred material has eliminated genetic hetero¬ geneity within litters. The positive association between foetal and placental weight cannot therefore be genetic in origin. Nonetheless, Barcroft's argument remains. The pressure at which maternal blood arrives at the placenta, and other factors too, may affect both placental growth and foetal growth, independently but in a largely parallel way. Yet the finding that position in the horn affects placental growth primarily and foetal growth only via placental growth, strongly suggests that the size of the placenta in itself affects the amount of nutrients that the foetus can take up from the maternal blood, and hence influences foetal growth. In the limiting case, where the placenta is very small, this must be so.
